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7fl*fl£ 4# ^ #*J=JLJL -JM^^HI SJM'H, a) <a^7> 4.5 

eV« ^ ^-fr i^Kr b) ^l^fs ^ c) ^^^7> -0.6 V ifl*l 0 

-R-7l#3j* SE^SRr i&fe ^ £ i^*Rr -ft 

S. 1 

^ 4i*h ^7i <y f-^, °<h-, ^ ^, ^^lir, ^ #<g- ^ 
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-B-71 ^ ^{ORGANIC ELECTROLUM I NESECNT } 

^-*>b £ ^SL5L >£#S}b ^-7}^±7\$] ^9] ^» 

£ 2b 7l^;/^/^7|^^#/^^ ^og ^ ol^fV^^/^ol^fV^g. ^ 

*}b ^o.^ t#<5}-b -fM^^l-s] 

-£ 3£- 71^/^/^-7}^^^/^^ ^ ^ <>]tt/ 1 £tt/ttq$l&/^°]tt/ 

5. 4b 71^/^/^-71 ^<a#/^^^#/^^-^^#/^#/^^^^l#/^7>ol^ 
f^t 7>X]b ^^1 -g-^ HV^AS ^*>b ^7l« a Hi7f5l 

£ 5b 71^/^/^^og^/^^oi^/^-^/^o]^/^.^ i^Vb 

» 7Mb -B-71 ±7-} 9] ^-^£014. 
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5fe ^S^lal, 6^ *l*H^°lul, 7^ ^r^Jl, 3'-b ^ ^ ^ ol^ojji, 8 
^ ^^^lf^olji, io^ ^7l^^^o|rf. 

<8> "S^O-S^e^ ^ ^og-g; cj-aj^ i*HM US *>Jl SlSLv) t cfo}^. 

S.( light emitting diode)°+ i^}^ #<?HH °>^* r 7fl ^r^Hr 
nfl-f #^>cf. i^l^HS. A>-g-s^^ o. 7l ^.^^ ^ £ - 

<9> -e-7l^^7>^ ^ti>^ O.S. ¥ 7fl^ aVcfl A\o}6\] «Vn^ -fi-7l#l-S 

£U ZL JL^ ^o]7] ^71 t*«. 

2*4. £ 541 M-EfHE ^r^r 7HJ- tflX3°J ^-71^-^7}^ ^ 

(2)o.S^-Ei 3^-§- ^ ^^°JfKhole injection layer, (3)), ^t«l- 

^^-°l^^(hole transporting layer, (4)), ^7}7> ^^*>fe 

(emitting layer, (5)), ^(7)^.5.^ «Vo> i£##o_s. °l^*Hr #7>>ol 

^(electron transporting layer, (6)), ^ ^(7)^- i^tf. ^ -fMlHr 

i^fb ^}9] JL-irSf o. ^ o. ^ Al?l7l o)is}a) ^ 7 ]o) ^S-g- ^ 
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^7}*^ 51°^ ^ ^cf. 4i*r3 *fl*Mr Ti^l *>7l 

<io> ^ov^^i -fM1Htei*l-3 442] »44^5- °lsltb 
*^°1 31 ^l^Chigh vacuum) 1 ^ ^ (thermal 

evaporation)* ^^14, -g-oflofl i=-o] ^ ^ ^(spin-coating), ^ 
(dip-coating), ^ 1-3H^ (doctor-blading) , 5.^*3 (inkjet printing), SEtt 

1 ^^>^ (thermal transfer) ^ °1-§-3t4. 

<n> 0.7]^-^^ A>-g-£)i=. -g-^ofl 4^ ^-^tr 71^4 A}-g-*|.ui «VA>^ol 

2}- ^Hl ^A^o) ^*>ol £^°flAl ^o] ^7|1 ^T^- 

^ 7112] 5L^f ^£17} ^ Tfl^JL A}-g-*H 2-" MvS.*r ^7>» 

<i2> 21^3 a>^-s]ji <^^Sl Jl Jl^o] ^ i* r fe ^ lMr(work 

function)7> €■ °^°-3, ^>-g-*>H , H ^7> ^ l-^* *^S. A}-g-tr4. 

<^av^ ^ ^J-5f#( indium tin oxide: o)*} I TO 5} ^-)o] ^0.5. a> 

(oxygen plasma)^ IT0 "^^hr* ^°1tt w o v ^°l <£$^ 9X^. 

o}9\. £0} <y^7> €■ °4^-S: n-g-^" *g^*Hr 7>^V ol 

(valance band)^ <£^-<>l <y f-^S}-^ *H7} ^^-o) ^01 0 ] ^ ^ 
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^ HHH.(band) 7)1^ SE^r <?>^c>l €• 

<13> o}9\. n>^7>^5L ^*Kr ^ ^« ^ ^ 

*M##-§- ^^Vb ^(conduction band)S^ ^ 31«-<5}7fl ^4. 

^ti>^o. S ole^*V ^JLS. 2^(Ca), £l#(Li), 4^i)#(Mg), ^-§-(K), M-B#(Na), 
^l^(Cs) ^-9] <U %^7\ ^ Aj-g-^Tiq- nVZLvil^/^, ^-f-^^/elM ^ 

^(alloy)* A>-g-^7l£ ^4. ^4 o]5l^. Sr^^ ^ Tfl #^-7}- 3 ^ ^ 

ofl i-M ^-f , ^<>1 ^-3*1 ^^>€ ^ 

#£l7ll 71^ 3* A>-g-^ ^ if-^°} ^ ^>-S-*Vcf. 

7l^om- ^ cflAiofl a];A>^ol 3- ^^om 0^0. Af-g-^ji, tfl<] ^ ^ 1=4 
o) Ei ^^>7] S^Itt tiVAj-^oj ^ 71^: SE^ tiVA^o] 

€" #^5. 71^1 ^ ^(<#^)* ^^^14, <#q- *>*ll« ti}A>^-ol 3. 

tf^-* ol-^Rr I TOM- IZ04 <U ^7} #^ -fj-i^H(>4.5 eV), 

^ $Z4. 

<15> ^ iH^l^ ^>#°1 3.JL ^-fr -g-q-^^S $-7) 
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[«v^ol oj-f-j,;,]. ^ 71^^ 
<16> ttj-e^ ^7} #2fl7l^^ JL^*H. 7i€<?HH ^ 5U*r 

*}» *n**Kr 3M4. 
^ *)•-§-] 

^ -B"7l#^ol 7fl7<M 4^ ^ «c V ^^ ^^Vfe -fM^ 

<19> a ) «]^7> 4.5 eV# ^ ^-fc S.^*}$= <#^; 

<20> b ) ^-71 ^ 

<2i> c ) ^r€^7> -0.6 V ifl*l 0 ViL4 ^-8r -a-7l#^* i^Kr SE^ 
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<23> olsHM ■& -M*>7fl €^tb4. 

<24> ^eflofl ^^s>^c-H ^ l*^*}^ -B-7}^ 

i7>« ^1S*>71 ^ofl <^= a ]-^ £o] *YA\^o) ^Jl °^^7\ 

^ A>-g-^Val ( «:€§fl7> -0.6 V ifl*l 0 VJitf ^ -fM*<a* 

• <25> £ ^-^ o. ^-71^^^ H^JL, €€§^7> -0.6 V ^1 0 VJ2-4 3- 

^ -fMM-fr ^^^#^1 ^Alofl A>-g-^o.5.M) «a ^7V ^.9.^ aU}^ 

^ ^ $1°.^ ^ *8=#€ ^3 «o v W 6 >\i -§-^5. ^ 9l±r 

^7> <8^A]aa ^ « 0 v^^ ol^tb 7fl^^r ^ 

ojjjj. ^^.^ ^ 4^ i^Hl£ °l-g- 7>^?fl *Vr+. 

<26> m. ol# <fls^ f 7]^: $H mv^-o.^ f,*- ^^7> 4.5 eV» 

°o^, ^"71 $H 3^1 ^lrr ^7l## 3Etf«H ^€ ^-71^^, ^71 

^-7l^<a^ $H 3*13^ «-^^7> -0.6 V ifl*l 0 ViL4 ^ -fi-7l#-gr i#*H ^ v 
€ ^ Sife -fM#^: s#*H ^-71 SHI 3*1 

3^ 0-7l^-^7H ^ -B-7l## 5L^V<^ 
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#4 4«il 44*1-4 ^-#4 -vi^^Hi 4~g-€ ^ ^-7i#* a 

#S>4 44-^3. ^£ 34 0 1^#, gj #4°1^ $H 444fe- ^4 o. 7l ^- 

4~g-€ ^ 5d^r ^^M: 5^44 44°-^ ^£ 5L^-*Rr 4 3^14 

<27> 4 -fM^d^Rr Qj9L°\] 444 ^^o^a^ 4^oj^-£. n <^ W 

4^ ^44 ^ ^4 o^-fr ^Ajoll ^ - oi:^ ^og ^ o]^*^- A>-g- 

^ ^£ ^ 7>4 olAj-o} S^r 3* ^ ^ 4^# 

* *rS. £L°4, €-2.^1 444 44°1^#4 4°H ^4 4444^ 

ol-^-g- 4^r 4^ 4 hole-blocking layer)* 7fl44^ ^£ 514. 

<28> -fM^^Hr £4"^ 43|«" 4453* "fi, 4 V 4 

4 £ 43^ 4^4 £-^\2.3.->M ^ o^fe ^4 7 > 7fl 

4^7 -H-7l^^7>o]^ | ZL ^-^5. 4444- 

<29> oi^hia^ 444 f- its. ^44. 

<so> ^4 ^ 4^0.5. 44 44^4^ 444 444 ^4* 4^4 

^ 344 4313 #5L# 4^ 44-8: ^444. ol^tb 44-8r -g-514 44 ^4^1 
^ 44* 4^444 4:4*4 ^ 44* 4<34 ^ &4. #4*°1 ^ 444 
44 4*fl4 44*4 ^-44 44* 44*4 €■ ^s. 4-g- 
4 *r 44. 4ei4 ^-4-°-^ 4-g-4^ 44^ i^b 43, ^144, 

3144, =4f a4(foil) ^44. 
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oi> ^sfle] -fM^^H 4-8-^^ ^V-§-*Hr I TO* 7}^s] 

Jl-^(>150 °C)±3- -frx)*]?)^ ^3f|E^ (sputtering) ^>-g-^>^ ^ ^-g- 

°1H I TO °<R>fr 4^1 -fM1Hte*r* ^lS*>7l oj^ofl SE^r ^}it i^-tb 

^ 7}^ l-B^M- ^ o] x\9]^/SL^ (UV/Ozone) *r°i ^ tHr* 

7] TIM- a^^l ^ti^Hr ^ ^Tfl ^>J1 4:7>o] 

*r^r 71^* IZtflS. A}-g-^- ^£ 5^^, ^-7l5f ^o] IT07> x\ A £ 

<32> o.^. wV^o.^ -fM ^^^^>^ ^7] 71^; iflofl <g--f.nl ^-(Al : 

4.28 eV), £r(Ag: 4.26 eV), ^(Zn: 4.33 eV), M-^#(Nb: 4.3 eV), ^s S ^-(z r : 

4.05 eV), ^(Sn: 4.42 eV) , ft^(Ta: 4.25 eV), «rM"e-(V: 4.3 eV) , ^(Hg: 4.49 

eV), ^:#(Ga: 4.2 eV), ^l-dn: 4.12 eV), ^V=#(Cd: 4.22 eV) ^ 

0.1 eV* ^-slJL 4.5 eV# S^r <H ^# 7M^ ^Jo] uj-eJ-^H , ^ 

tfr^^Ml^r 3.5 eVl- ^^>J1 4.5 eV# ^I&tt <H1Hr(3.5<i<4.5)» 7 r *lfe 
. °l ^ l-^lr^r ^fS] CVDCchemical vapor deposition), 

EBCelectron beam vapor depostion), $1 thermal vapor deposition), ^.^^ 

^(sputtering) ^ tfoj^ «)-^- A>-g-^><^ 7 1^- $H ^^^^ ^ 
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^« « r 3.*r oflu]^ 3^ ^ 0 J°] 

-g-oj^Tll JL ojofl 451- ^^f^l HOMO ^(Highest Occupied Molecular Orbital 
level )fe <H«}3 <#^-Jl3. Af-g-sl^ ito^ <a] -fj-A}^ A}-g-*)-7i 14 ofl 

#^°] ^ #*J(< 1 eV) -f^H ^tr^K n&IM- ^7)?A<£^ 

€■ (> 1 eV) A>-g-^>^ £ ^oj- 7>^>cf. nJ-eH »£^o] ^3 o_ 

S U ^7> ^(<4.5 eV) °^^r A>-§-^>^£. ^ ^^S. t^SM tttfr 

<34> £ o_r* lH-*Kr -fM^^Rr ^71 <#^- $H rj- 7 ]^c£^ 

*}o)<>\ 7\}v* (interracial strength)* ?} ^ , 4i*Hl ^S]^ ^^>^r 3^ 

*}^r 3* ^ofl Jl^^r oflM*! (energy barrier)* (tunnel ing)* 

<35> ol^*]- ^-7)^%-o]} A>-g-^ ^ $1^ #^£r ^^l^ (aluminum oxide), 3 

E}^ -t>2|-€-( titanium oxide), ^2)-#(zinc oxide), ^-^1^- -trS|-I-( ruthenium 

oxide), *-|^9 -tr^il" (nickel oxide), -£r2]-#(zirconium oxide), 

•<4s}-^-( tantalum oxide), oj-ziv-)]^ ^>5)-# (magnesium oxide), ^}S}-#( calcium 

oxide), ^H-E--§- -i}5}-|Hst ront ium oxide), -trS^-# (vanadium oxide), °1 H-fr Q 

S)-!-(yttrium oxide), ^-f- lithium oxide), ^3H1- (cesium oxide), 3-§- 
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-ttsj-'l-C chromium oxide), -s^-^ ^VsHirCsi 1 icon oxide), .AV5|-§-(bar ium oxide), 
• D o v # ^sHr (manganese oxide), Mlk^. -t>5Hi-( cobalt oxide), ^e) copper 
oxide), H&Mi^^ -tVsriK praseodymium oxide), ^^^1 ^IsHK tungsten oxide), ^1 s. 
pI-h- ^2r# (germanium oxide), ^2r-§-(potassium oxide) ^^ilrfr ^^>^1 

S|-§- e)# l-^^olc( lithium fluoride), n}^^ l^^o] j= 

(magnesium fluoride), ^t^-Sl^o] j= ( ces ium fluoride), Ir^^e^l = 

(calcium fluoride), M-Hir #S.s)-c>l=.( sodium chloride), ^ir e-3-&)-°|H-(potassium 
chloride) ^ ^4 ^5.^1^ ^ Sf^-l- ^ ^Efl, 

( lithium met aborate: LiB0 2 ), -ttsHHpotassium silicate: K 2 Si0 3 ), 

^— 7l] s.^j-'H- ^5r#( si 1 icon-germanium oxide), w]~§- Ero^i^o] e (barium titanate), 
Hl# U:l:e^lB(LiTa03) ^ ^ 7}*1 ^a]^ ^o]uf. 3^ ^e]^- 

q-olB^lS.(Si 3 N 4 ), i4o1h^o1h.(BN) ^l-irStf^ 3^4 4^<H) #*Hr ^ 

*}-g-^r ^ $m. atr W ^(ZnS), ^f-(CdS), € 

SHi-f 0 ls.(CdSe), ^# SE^sM s. (GaP) , M-°lHsf°l^(GaN) f-^ «h£.*ll3 

°l^tr -t-71 ZL#S] ^^ofl n}BH CVD(chemical vapor deposition), 

EB(electron beam vapor deposition), ^t^^o - ^^Kthermal vapor deposition), i^l^l 
^(sputtering) ^ cf<#th wj-ej- tg^-i- A]~g-*}a} ^yj^^^o. ^a]^ ^ 
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9XSL*\, ^"l^* ^^#^5. A>-g-^cf^ o]°\ S^ofl^ av^^ a>s).^ 

<37> ^ « 0 >^O.S iWrHr -fi-7l^4lA>^ ^"71 ^-71 $°\) Q<£^ 

^7} -0.6 V tfl^l 0 Vii^- ^ -JM^-g; It^ 5&b ^ ^ ^ °1 

°1 3 «1§^7} -0.6 V 0 V^.cf ^ 

#71 <a ^7> 4.5 eV« &b °^o S «e1 °7l^<g^ -g-^-i- 

<38> «r€^^7> -0.6 V vfl^l 0 ViH} ^ flt-g- 7M^ -8-71 #-a- ^^^(SE^r ^^g- 

^ ^ ^1^#)^1 ^^71^ #71 -^7l^^#^- 3** ^ 0 d^7Hl ^ 

^^#(3^r ^ ^ ^ vflofl ^ 5tUl nfl^olcf. zi 

SIM- ^§^7} -0.6 V *)^<?1 -8-711-* ^^^(H^r ^ ^ ^ °l^)o]} 
^ £r °1 -fr7l#ol ^ £-#*H *>*1 ^3*7} SlES ^JlS 

^-Bi X^o] Mj-^O.jg. ^^^1 ^>7ll 5H -a-7ltf^l-7} ^-g-* ^>^1 ^ 

S»fl &t±. ^:€^7> 0 V ol#°} ^Ml-g- ^^oj#(2E^ ^ ^ ^ °1^ 

#H1 ^>-g-« °1 -fM*£r ^<>1 ^^5171^ -g-°l*}M- #2}-Sl 7l 51 -g-ol§>^ S 

3* ^SH Jl^-Sl^ °HM*1 ^711 Sl^H «m ^7l^<^^ ^-<y #( 

£b ^ ^ «1^) AfoHl 7fl7.1lAl7li:-l^£ ^-g- ^ojHV 7 ] 7 ^ c^^Tfl ^Cf. ^ 

, ^^^7> 0 V olAj-o] -8-7l#^-g: ^^^^(^ 3* ^ AV-g-^ji 
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7l^<^#^ 7fl7flA]^ o. 7 )^^>l- H)^t}jL o] ±*}6\] ^^1- 7>§ ^-f o] 

H«a*>al f n $H ^"71 «:€^7> -0.6 V 0 ViL4 ^ -fM*^* ^ 

<40> ol«2j- ^-o] $^§^7> -0.6 V 0 ViL4 *b£r 3^*9 5? ^ <=>1^ ^-8: 7> 

01/49806<H1 7l^fl^ £>7l 3|-*H 1S s^ls]^ -B-7l#^# *r-8-*rfe #o] w>^-2)*>4. 

<41> (5^4 1) 

<42> R 




<43> a o V 7 ] s}- 4)-^ 1^ AJofl*^ 

<44> R-g- qs.^(nitrile: -CN) , ^-SKsulfone: -S0 2 R'), ^*V°lS.( sulfoxide: 

-S0R'), #^<>r4^( sulfonamide: -S0 2 NR'2), #5EMHB( sulfonate: -S0 3 R'), MES 
(notro: -N0 2 ), He11--¥^^llKtrif luoromethane: -CF 3 )7l 44\H4. 

<45> Aj-7]oj ^1^11- o] R <^_ oj.ni (amine), (amide) , 4| Sfl = (ether) , 3^ 

ofl^Efl5(ester) fAS *l^£)7l4- ^ 1 *fl*l 604 <£^(alkyl) =L 

f-, 4€(aryl) Sfe *1 ?r*ti(heterocycl ic group)°14. 
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<&x\: 2003/7/19 



<46> 



1^ -B-7l#^- tiV^^l^ ^^-i: 7}^lH S£<>H ^^^<y#, HL^ 



<47> 



is. a^Sr sj-w^ ^ ^ o g^ ^ 



^ # cl ^313*1 ^Itt la lg41 M-eHIS^. 



<48> 



(5)-^ la) 



(sHH! lb) 



(5)-^ 1c) 



<49> 




SOP 



<50> 



(5)-*f-Al ld ) 



(s^M le) 



<51> 



R 



R 



i 

R' 




S0 3 R' 




<52> 



(Sf^ If) 



(^-^ lg) 
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<53> 



N ^NOj 





<54> sfr 7 ] q<^X] R'^ a} 1 ?! (amine), o>n] = ( amide ) , <H|£fl = (ether) , SEfe 

tfls(ester) ^^s)7lM- ^ 1 60^ <£^(alkyl) 2f, 

°f^(aryl) Hf , <>1^ZL^ ^^(heterocyclic group) ^1^. ^1 R'°l Ih^^r 5 

o^o} o s V^ ( rr^ ^711- A}-g-*Kr #7l £o§^)-& ^ ^ 

^ °)^SL5L ^ $14. a*V R'* °l^Rr ^1^-71 oil =131 SI 

^ ^-§-711- H«a*r^ ^-g-^ ^ ^« ^£ 

<55> a^o} ^§^ 7 > -0.6 V tfl*] 0 ViH} ^ ^^<y £ ^ o]^ ^-g- 7M1 

cf. ^^fKHHr ^ ^ ^-7l#^^ ^%tr 

^^-i" ^$7} -0.6 tfl^l -0.01 V A>oH 5U^r ^bm^ 

^}ol «>^-z)^ f H>^-^^>7flfe ^ §^7> -0.3 ifl*l -0.01 V 4°li Sr^" 

<56> ^Sl o.^- «V^O. S i£^Hr -fM^^Kr ^"71 ^^f^] ^o]^ 

^■/-¥-7]^^^/^^<a# ^o^^o. tg^t}. 
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<57> ^^-o)^6\) A|-g-^ ^ 7>^1 -H-7l#^ ^i*M 

-fMM* ZLtflS A>-g-^- ^ o^cf. ^tiV^o.S o>^ oV^^Karyl amine)^ 
#^ol cfla^ol ^ o]^ <£s^ 5d-^, i=r«l^ H o v ^ ^#(polycyclic 

aromatic compound):^ 2^°fl °) 5^. tfls^o] ^ °1 

^1-^^ ^13^ <^)S.^r ^(aryl amine)3l<y 

4,4'-bis[(N-l-naphtyl)-N-phenylamino]biphenyl(6l^V NPB&r ^ 
1 , 3 , 5- 1 r i s [ N- ( 4-d i pheny 1 am i nopheny 1 ) pheny 1 am i no ] benzene , 

4,4' > 4-tris(3-methylphenylphenylamino)triphenylamine( c, l*> MTDATA5} ef^J *}-)o] 
5flth SEfc o}t>j-g- o^X\^ 3.7)) *H xflM* S°1tH- 

oi^ H (hole mobility)* ^sMtJ ^Tfl $£4 

. £ ^ol^ofl -fMl-^ ^VSj- §^7> 0.01 

ifl*l 1.5 V ^ ^l^£7l- 10~ 8 cm 2 /Vs J±i=t ^ 5l-^-#oH, w>a-3i^>7fl^ 

3- ^^7> 0.01 ^x] 1.2 V °H 3-3- ol-^£7> 10" 7 cm 2 /Vs J±t]- €- 3^-§-°14. 

<58> -g-^" ^^Rr -fM^^Hr ^*}7> ^^J- 

(recombination)«H ^^Ht^ #7HH ^ ^ ^ ^ ; 

%=°} ^^(fluorescent), iE^ ^^(phosphorescent) #^^r ^(doping)*!; ^£ 
<59> ^#<^1 A>-§-^ ^ oX±r ^%^^r 7>^1 -ff-7l#£: #S]H tl 
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^(spinH tiVcfl^ ^-f^V ol^^^s. ^ tfli=. ^ tflAlofl ^^-4 ^o] 
£ ^^rfe ^*Kr £^-H(dopant)^ A}-g-*>^ 

^-f7> <£t$*J ^rf. olE^ 7g-f , 1/4 ofl Sfl^SRr <#n].o. ^o. 

3. ^ fl^r ^fl-fr 3711 ^ 9X$r ^+3- ^ ^^^V o] 

<eo> ^sflofl 7 H> ^el <£b^ -fM^^Hl °l-§-^)^ ^*Kr 

3.^ Se]i(8-^^^ii^lS.) < y:#-Dl^(tris(8-quinolinoato aluminum; °]-s\ A\q3ty HO 

^>-§-«- *r jU^^l, cfla^ol 4,4 , -wli(2 ( 2-^3ll^wl^)w> d l5ll , d 
(4,4'-bis(2,2-diphenylvinyl)biphenyl; °l* r DPVBief HO ^ 9,10-^1-^ ^Be^ 
(9,10-diaryl anthracene) 7fl#£] ^^ #^o] ^e) ^sj^ &tK rflA] 

°J## -H-£^7l $)«H °l^#(Ir)o]M- aij^-(Pt) ^ H"fr-H: -g-7>» HJfrH 
(dopant)S. >M--g-*M -fM ^%±_7\% <£s^ StWC. Adachi, 

M. A. Baldo, and S. R. Forrest, Applied Physics Letter, 77, 904, 2000, C. Adachi, 
M. A. Baldo, S. R. Forrest, S. Lamansky, M. E. Thompsom, and R. C. Kwong, Applied 
Physics Letter, 78, 1622, 2001). 
<ei> .a -g-^ wj-^o^ ^-^>^ -n-7l^4i^ ^>7l *UH*#-fr 

^^-«>oV ^V^o.^ ol^^>7l£ 5M D ^, ^.S-ofl 
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^ *>°W ^-2-^-3 oj^-g- ^ ^o^]^ 

(hole-blocking layer)^- tSS. 7fl7flAl^ ^ o}i}. o]&|*j- ^^-^^^ ^ <*j 

#4 ^^lf^l 31^1 ^<y-g- 

*}-°Hl -i-^-^-^-^-Ei ^<>M ^f^s <>l^Kr ^ 

*m ^7.H^^ >M-§-tbtf. °)5-i*> -S-^-a- #^4 

^ *i<>HH i*># ^ 5^4- ^7>o]^& Aj-g-^ ^ *1*W* 

olE^tb #*W4^oflfe ^7H^ o)^ £e| <£3 # Alq37> A>-§-^ =^ 

Si-§-# £3**1 31^, ^-g- 71^ 7}7]^ Alfl-^ ^ 3**H 2 

<63> (Sj-*)-^ 2) 
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<65> £-13-^ ^ w c >^o_ S ^r^-^-fe -fr7l^MMi*>fe- <a^r7} tiling ^ 

^**Rr A>-g-^cf. 5£^ 'tWHH ^€ -S-^ ^*r<^ ##3 

m-i]^, ^ ^f-, ^= n ]- 7 o]- i ^- #) ojHf-, ^H€r#, ^3.#(europium), M-B 

^#(Ga), ^rf-(Sm) ^-o) & on} , ^ 2 # ^^^1 ^-§-JE 

7Hf*r^. 

<66> g^tr o] *V -g-^-f^ tf#o] uVdVo.^ ^ S^. H ofl^r 0.1 10 

nm ^W-S-eH^CLiF) alf- tf3-t-(Li 2 0) , * r :^l# #^.e^)r= 

(magnesium fluoride) ^ ^<S^ ^ ^Sr## #7l ^H^f^ Afojo]] yvnv 
O.JL *§^1^ ^ ^jofl oj-^^j. o.^g. olnfl ^ 

cgnVo} ^ol^n). -g-^-o} 4^ ^ ^ o^O.^ 0.5 ^ 

*1 7 nm# A>-g-trCf. Stt ^d^°l^# <S>8^ ^ 9X$r #^*r *J ^7> ^ ^-g- 

<67> SEtr ^€ tt cJ-#^l^°> *fS-^ ^^-S. afla^H^- 

^-3zf£7> -fM^ ^1* 7>^1 -g-^-|- ^lS*r M zi $H j=t^ 
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<68> #7HH 4 %^ o]^ cfli- 0 }tfl# §^ S-4 

QjJjL^. ^]X\^ ^ Mj-^o] ^fl-g^fe- S^l-£ oH-nJC^ ^S)4 °^r4. 

<69> M. _g.^z. 4^0.51 i£^Rr -fMW^rfe <$44 ^ A>olofl 4&o^ o. 

#7HH gig^- °l-g-*H 4°c^ 4^4- 7)^-^0. 

* *flS^4. 5Etr ^71 ^°1H4 ^-o] ^^.ofl if- 7 }4 oi^v 

^ ^HM 7144 44 4*H ^ ^ 4 s °J4. °l^tr # ^a^r 

£ 2^ ^-o] 714/44/^1 *l<£f7^ ^ ^ ol^/^-^/^^>ol^/^; £ 3 
4 71^/^/^-7]^^^/^^ ^ ol^f7^##/^^l#/^7H^#/-^ 

; £44 ^-O] 71^/^/^71 ^<a#/^^^°g^/^^ol^^/^^/^^^^]^/^^ol 

i^*Kr ?2tt 7>^ ^ 5U4. 

<70> M. 4^ -g~4 W 0 >^J13. t^*}^ -fM^r^Rr 44*1 440.5L 

ole^V 440} tg^*. z^ofl A>-g-5]^ #^^r -f-Aj-p^ o. 7 |t^ 4^4 
^4 3- ^l^thigh vacuum) °J ^4 (thermal evaporat ion)# 444, 

-g-onofl ^o] ^ (spin-coating), ^ (dip-coating) , 44 #Sfl 

(doctor-blading), H^Unkjet printing), H^- °| ^U}^ (thermal transfer) 

^■4 4*3* ^l-g-*M 444 ^£-3- ^4<^ *HS*r4. 

<7i> 44A-1 .g- ^-4 H o v t^s 444^ -FM 44^4^ ^-cfl^o.s H 4n"4 

4^ 4^1^ 4 44#4i?- a>-§-4 4#4 4i4 ^4 

44 #4^4 ^ 444 71^ AV-g-^- ^ oicf. 
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<72> o]z}£\ ^a}6)) *j aija^* ^-a- 3* ^Ml^>7l) ^frtj-. 

<73> [^*H1] 

<74> i 

* °o^#^s AV-g-si-si-g- ^ jjL « 7l ^^^jz|- &q&$]7} -o.6 v tfl^i o vj±q- -fr 
<76> (7l^h ^el-iTO 

<77>. IT0( indium tin oxide )7> 1300 A$) ^}S. 7l* (corning 7059 

glass)^ ^91 ^fK^ ^ A>-g-^ xfl*Hfe. Fischer Co. 

o} ^1=.^. Af-g-^l-^o.^ Millipore Co. Filters. 2 *V5. ^^HM- 

£4. IT0# 30 *fl3tb ^ f^S 2 si *V^-*H ^4 >H13* 10-g-*> ^*3*f5$ 

q-. ^l^o] ^ufig o] 4l ir S ^o rt> oHl^., ufln^ ^ ^ ^ 

*>J1 ^2:^1^1 §^n> ^1^7lS ol^l^cf. o>s^ a>^ 7 > 2: IS. ^€ 

^r* °l-§-^H 14 mtorrS] <y-§HH 50 W°1H ^717]^ 5 -Hl^tr ^ ^ ^ 

<78> (<s^h§^ 

<79> #7hh ho 71*^1 i to $h 100 a ^15. ih^i^cad* ^ ^ 
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<80> (J-^c^cq tg^) 

<81> tf 7 ] Q] <y-e.nl TS-O] °o^# tfl7]<SMM A}-^ 7>^ofl 5 ^#A] ^ <^s 0 |- ^ 

^ 20 A^l ^^^l^cf. 

<83> AJ. 7 ] J=L 7 j;gc2^ o}ofl AV 7l ^SRr QQ^Z]?} "0.06 V<?} ^ 5^ 

^ laS. M-e}^^ 5}- ^"1-^1 «jA>u]E^ «jA>o>^]-Ee)3])^^i( hexanitri i e 
hexaazatri phenyl ene: o}*} HATH}- DO-i- 500 Jf?flS. <I ^ ^^ir 

<84> (^oj^o] 

<85> Aj. 7 l ^^o]^ iflefl o^}^ l-^o] NPB(400 A)# ^l^^M 

<86> (^f'Sl ^) 

<87> ^-7} ^"g-°}^%- $H ^ Alq3» 300 A^ a]^- ^ ^ 

<88> (;£ 7 }oj^) 

<89> 4V7] ^o]j ^y 0 ]^$] <*j^vg- ^ 41-7I 23. 5*1 3 tt ^tti 

200 A^l -fM#f^ ^ o. ^^cf. 

<90> (-g-^- tgAj) 

<9i> ^7) ^7}o]^^ -^ofl 10 A 2] *f-v\}£. el# #^o_b}o] c (LiF)2 i. 2 500 
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<92> ^ 7 }b\ -B-711-fil ^^HriEfe 1 A /seel- -R-^l^JL, -g-^s] s^##^ 

eWS-fe 0.3 A/sec, iHMw^- 3 *-fl*l 7 A/sec^ ^ -R-^l^o.^ 
5~8x 10" 7 -a- -fr^r^. 
<93> o] -fM^^rfe IT0^5l7l^r/Al/Al 2 0 3 /^-^la/NPB/Alq3/^-^ 2/LiF/Alsl ^ 

<94> o^a>^^ s <£b}^ y>^^ -th^] ivt^l*! 34. xj-sj. ^ 

<£b^ 5a^f. ^^l^s. ^£ <y=^ ^ 100 A^s. g]=7fl 

°l^Hr ^ «H 2500 A^l *fl^Rr ^r#°l €■ 0 ^^lw# ^-tH^ o.s. 

*\ ^^s] Jl4# ^efl^ °^tfis ^%*\^ -%-7}^±x}2{ wl JH*>7l ^ 
^ ?}3E ol^ofl -og^-efl ^ AH1 ^ 

<95> #7HH ±7}°)} 5.17 ^7^11- 7>M^- ^ 1931 CIE color 

coordinate 7}^°_S. x = 0.460, y= 0.550 °fl «fl^>^ 500 nit &7]2] &*k$$L 
cf. ojufl, o] ^<ys} #ff- 50 mA/cm 2 ^cf. 

<97> tijjj7<afl 1 

<98> QQ^$\7} -0.6 V ^1 0 VHtf ^ ^ 1-^* ^}-§-*r*l Sg^L, IH^]^ 
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*>7l ^^r°J* <3^§r ^ aj-*M las] ^#(HAT)» A>-g-^l ^rji 4^*1 

IT0^el7l^r/Al/Al 2 0 3 /NPB/Alq3/2|-^ 2/LiF/Al^ ^p-sl- ^fetj-. 

<99> #7l 4i*HI 20 V &»<t*& 7j-^-|- *iff- ^JEfe 0.1 

mA/cm 2 ol^>^o.^ ( «v^-o. ^ % v^^ 
<100> ce^a] ^-cfl^ <y ^r«- 3Hr ^^l^ A>-§-§ rtflc^ 

3] 7} -0.6 V ifl*l 0 ^ 3**H1 1^: ^*Kr $-7]^ ^$-f>\±z ^^f^l 

<101> BlJU^l 2 

<102> J& 7 ] ^X\a\) 16)}*] A>-g-t!: ^^M-ff °1^<>|^ ^-7l^<g 

^ M^7[ -0.6 V ifl^l 0 ViL4 ^ 1^- ^711-^: ^-^Rr 

^V-g-tt -^-7l^^7>7|- ^«]r^ n-g-s]^ I TO 1-t- W 

<103> ^-7}^%±7}^ #7} ^A]^ 134- ^J^Tfl ^>^31 t^, <£^-§- 

^}-§-*>*l #J1 I TO ^Bl7l^lA^| IT0# ^il^ A>^>JL, ^7)11 alM^M I TO 

4 1* ^^171^ HATS, °1^<H*1 i^Rr ^S^cf. 

^7>^ ^-S^t 7l^ r /IT0°o 1: ^-/HAT/NPB/Alq3/Sl-^^ 2/LiF/Al^ ^Rrtf. 
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<104> ol 5.37 VS] ^^11" 7>M* °fl 1931 CIE color coordinate 7] f AS. 

x = 0.345, y= 0.553 ^1 *fl#S>fe ^ 52 4. °M , -fV^l^^H ^ 

€ ^-n- 50 mA/cm 2 ^^-. 

<105> a o v 7 ] ± ^ 100 mA/c^o^ = : constant DC ) 7>^>^* nfl ^ 

7l 3399 nit^JL, 3-7} $\^7\ 80 % iM^ nfl di-S.^ 23 *1 

<106> oj-Bj-Al ^D]^- ^#01^ ^-711-S Ol^^l ti>n|o) Ji^o] A> 

3°*HH ^^tr ^<ysj ^ ^ 5Utr. 

<107> ^ ^ ^-71 °i ^ <&^3\- M§^7> -0.6 V ifl 
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1] 

a) ^^7> 4.5 eV-fr i^Kr 

b) ^-7]^^#; gj 

c) QQ&$\7} -0.6 V o VJi^- ^ -fM^-i- Sfsfe 
2] 

*fl 1 ^ &<H*i, 

A oM ^^-^r ^ ^7> 3.5 eV» 2^}-Jl 4.5 eV# S^tt -fr 

7llHHi*}. 

3] 

^1=51^ ^ZLMl^ a>^ #( ^ AVsl-l-, — 

1- -as**, *}^-b- °1H# 3# ^>5|-#, *\}<e- a^- ^ 

^1^1-, w># 3.^3. ^-e) H^c^ a>2|. 
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§3.bWS., f-di lithium metaborate: LiB0 2 ), ^-S^BlS- ^5r# 

(potassium silicate: K2Si03), 41 ?fl S. p r^r -ttSriHsi 1 icon-germanium oxide), 
£■ eWeHWB (barium titanate), e)# ^sfl°lB(LiTa0 3 ) , ^e)# 
M-°lBeW2=(Si 3 N 4 ), J±€- q-o]E^.olc(BN), 3^4 4^1 ^*Rr ^S}-#, % 

3- o}<g(ZnS), %s\- n^l-CCdS), ?V=# ^eflM-ol^-CCdSe), 3LiJ*°lJ= (GaP) . ^ 
^f- M-°lJ=eWS.(GaN)3. o}^o]^\ ^o.5.«-Ei 1 # o]^- #i3]S)^ ^-7l## B^Rr 

4] 

*ll 1 %H1 5H°H. 

£&tt ^ * §^7> -0.3 ifl*l -0.01 V 91 

[^n 1 * 5] 

*ll l %H1 sa<H^, 

A oM 3*^J# HLfe ^ ^ ^ *M Sj-^ IS s}-^-## 

(3*«HI 1) 
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R 




^7) &m<n isi 

R MHKnitrile: -CN), ^^-(sulfone: -S0 2 R'), #^Ws. (sulfoxide: 
-S0R'), ^-(sulfonamide: -S02NR' 2 ), #3v1HH( sulfonate: -S0 3 R'), MHS 

(notro: -N0 2 ), HeH~>r-.2.3.*l|^Ktrif luorome thane: -CFs^Hn}, 

^-71^ o]s- R , o. 0 >n] (amine), o}*l-E. (amide) , ofl Efl = (ether ) , IE^r 

ofl^Efls (ester) f^-S Sl^Tiq- ^l* 5 ^ ^ €^^r 1 60^ <&2J(alkyl) ZL 

w, °>l(aryl) Hi-, £^ ^l^ZLE^ ^^(heterocyclic group) ^14. 
6] 

^ 1 * 7l*Rs] -fM^i*!-* It^fe x^#elH 
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